Background. The resurgence of pertussis is contributing to mounting healthcare worker (HCW) exposures, especially within pediatric outpatient settings. Infection prevention and control (IPC) guidelines for ambulatory sites exist, but are not uniformly implemented. Our aim was to identify facilitators and barriers to the use of IPC practices to prevent pertussis transmission in ambulatory pediatric settings. Methods. HCWs at 18 of 25 (72%) clinics in a pediatric ambulatory network completed a theory-based questionnaire about pertussis and personal protective equipment (PPE). The questionnaire contained randomly distributed versions of two vignettes to create an experimental design assessing barriers to PPE use. Results. Three hundred forty-three of 467 (73%) HCWs completed the survey: 234 (68%) clinical and 109 (32%) nonclinical. Seventy-one percent of clinical HCWs reported wearing PPE when caring for a patient with suspected pertussis; only 27% used PPE for patients with any respiratory symptoms. Among clinical HCWs, reported PPE use when caring for patients with suspected pertussis was independently associated with attitudes toward PPE (odds ratio [OR] 5.4, 95% confidence interval [CI] 1.8, 16.6), knowledge and skills (OR 4.6, 95% CI 1.4, 15.2), and lack of perceived barriers (OR 3.2, 95% CI 1.3, 7.9). HCWs who did not perceive PPE use as a norm were less likely to report using PPE (OR 0.2, 95% CI 0.1, 0.6) or distributing masks to patients with cough (OR 0.02, 95% CI 0.00, 0.2). Reported PPE use was not influenced by perceived infection risk or mask accessibility. Conclusion. Our results identified barriers to PPE use and targets for education to prevent pertussis transmission in ambulatory pediatric settings.
INTRODUCTION
The incidence of pertussis has been steadily increasing, especially among adolescents and young adults, due to waning immunity after both immunization and natural disease as well as decreasing vaccination rates in some communities [1] [2] [3] [4] . As pertussis continues to circulate, there is a potential for exposure within pediatric healthcare settings, which increases the risk of infection for susceptible children and healthcare workers (HCWs). Infected HCWs can then serve as vectors for transmission to other patients, coworkers, and their own family members [1] . In addition to the health consequences associated with pertussis, healthcareassociated infection results in substantial costs to the healthcare system due to investigation and management of potential exposures [5] [6] [7] .
Many strategies can be implemented to prevent pertussis transmission in healthcare facilities, including Tdap vaccination, respiratory droplet precautions, and chemoprophylaxis of exposed individuals. However, inconsistent use of infection prevention and control (IPC) measures has reduced their efficacy [8] [9] [10] . Furthermore, while most studies about healthcare-associated pertussis transmission have focused upon personal protective equipment (PPE) use and HCW vaccination within inpatient settings, recent data from our network of both inpatient and outpatient facilities suggest that most HCW exposures occur in ambulatory sites [11] . Few studies have assessed factors that influence compliance with IPC measures as well as the feasibility and efficacy of implementing IPC guidelines in such settings [12] . We therefore sought to improve our understanding of the knowledge, attitudes, and beliefs about pertussis use of IPC measures among HCWs in primary care pediatric clinics to inform the development of more effective strategies to prevent exposure to and transmission of pertussis within the pediatric ambulatory settings.
METHODS

Study Design
We conducted a cross-sectional study of HCWs in the primary care setting using survey methodology with a multisite randomized design within the Children's Hospital of Philadelphia (CHOP) ambulatory network, which comprises 25 pediatric primary care sites in the city of Philadelphia and its surrounding suburbs. These clinics provide ambulatory care to a highly diverse population of over 200,000 patients. In this network, the guideline for appropriate PPE when caring for a patient suspected of having pertussis is the use of a surgical mask. Since data were anonymously collected, this study was exempted by the CHOP Institutional Review Board.
Questionnaire Development and Design
Anonymous questionnaires (25-item for clinical staff and 22-item for nonclinical staff ) were adapted from 6 validated instruments from previous studies [8, 9, [13] [14] [15] [16] . Questionnaire development was based on the Integrated Behavioral model and items assessed the following domains: knowledge about pertussis, habitual use of PPE to prevent pertussis transmission, attitudes and beliefs about the use of PPE to prevent pertussis transmission and infection prevention procedures, perceived norms of PPE use (others' expectations and behaviors), personal agency ( perceived control and self-efficacy), and attitudes about the Tdap vaccine [17] . HCW demographic information collected in the questionnaire included age, gender, children living at home, number of years working at the institution, percent of time spent having face-to-face or hands-on contact with patients, and job title. We also considered previous experience with pertussis exposures as a potential predictor of PPE use; occupational health data from January 2007 to June 2011 were utilized to identify the frequency of HCW exposures to pertussis at each clinic site [11] .
The clinical staff questionnaire also contained two vignettes; there were two versions of each vignette to determine frequency of intended PPE use in 4 scenarios. The vignettes tested the hypothesis that clinical HCWs are more likely to report PPE use if (1) they have knowledge about the infection rate of pertussis ( Fig. 1) , and (2) PPE is conveniently located outside the examination room rather than at the end of a hall (Fig. 2 ). An equal number of each version of the survey was randomly distributed to clinical staff within each clinic using random allocation sequencing. This resulted in 4 comparison groups within each clinic site: Vignette 1, Version A (1A) and Vignette 2, Version A (2A); 1A and 2B; 1B and 2A; 1B and 2B.
Data Collection
The questionnaire was distributed in paper form to all HCWs 18 years old (325 clinical and 148 nonclinical) from 18 of 25 (72%) clinic sites during staff meetings; all of the HCWs consented to study participation and were available for site visits during the study period. Clinical HCWs included the following: nurses (registered nurses, licensed practical nurses, clinical support assistants, medical assistants), physicians (attendings, residents, fellows), and practitioners other than physicians ( physician assistants and nurse practitioners). Nonclinical HCWs included patient service representatives and administrative workers who interact with patients at the registration desk, as well as other individuals including care coordinators and research personnel. The job of each survey participant was determined based on the response to a survey question. All participants were provided with a $5 gift card attached to each survey.
Data from the Occupational Health records were utilized to identify clinics with a documented history of HCW exposures to pertussis from January 2007, when the study site implemented a Tdap vaccination requirement for all HCWs, through June 2011. This range allowed for multiple years of observation time for exposure events while the majority of HCWs were employed by the primary care network.
Statistical Analysis
Questionnaire results were analyzed separately for clinical and nonclinical HCWs. Questionnaires from respondents who did not complete the appropriate questionnaire for their job title were excluded. Responses in which more than one answer was circled for a question, or when the respondent selected "don't know" were coded as missing. The response "don't know" was coded as missing due to its infrequent selection and because it was not consistently available as an option for all questions.
HCW demographic characteristics were summarized using frequencies. All responses to attitude and belief questionnaire items were measured using a 5-category scale from "strongly agree" to "strongly disagree" or "always" to "never." We combined related domain items into scales using Cronbach's α, with each scale having a Cronbach's α 0.7 (Appendix 1, Panels A and B). All items were similarly dichotomized for analysis due to the distribution of responses to indicate either agreement with a statement or a response that is either neutral or in disagreement.
The primary outcome to assess effective use of PPE for clinical HCWs was measured by the following statement: "I wear PPE when caring for a patient that I suspect may have pertussis." The outcome for nonclinical HCWs was measured by: "Patients coming to the office with a cough are given masks when they enter the office." Every other survey question or scale was considered a potential covariate. We used logistic regression to identify significant relationships between the covariates and the outcome for clinical and nonclinical HCWs. Multivariable logistic regression models were constructed to identify factors independently associated with the reported likelihood of PPE use among clinical HCWs and mask distribution among nonclinical HCWs while controlling for confounding and effect modification. Models included all covariates that were significantly associated with each outcome in the univariable analyses. For clinic staff, a stratified analysis of nurse's vs physicians was performed to identify factors associated with reported likelihood of PPE use while adjusting for confounders and effect modification. Finally, we also stratified our analyses by exposure history at each clinic site to determine the association between working at a site with a documented history of occupational exposure to pertussis and PPE use or mask distribution. We used generalized estimating equations for all models to control for site-level clustering.
Clinical HCW Vignette Analysis
The responses to clinical HCW vignettes were measured using a 5-category scale from "very likely" to "very unlikely." Responses were similarly dichotomized for each scenario to "likely" versus "unlikely" due to the distribution of responses to indicate either a respondent's likeliness to take a specific action or an action that is neutral or unlikely. Pearson's χ 2 tests were conducted for each vignette to assess whether exposure to a given variable (infection rate information or placement of PPE) was significantly associated with PPE use.
We used a significance level of P 0.05 for all analyses. Analyses were performed using Stata 12 software (StataCorp LP, College Station, TX).
RESULTS
The questionnaire was distributed to 473 HCWs at 18 primary care pediatric clinics. Three hundred fortythree HCWs (73%) completed the questionnaire: 234 clinical HCWs and 109 nonclinical HCWs (Table 1) . Questionnaires for 12 HCWs were excluded due to completion of the incorrect questionnaire type for their job title, leaving 331 questionnaires for analysis. The majority of HCWs were female and worked at CHOP for 10 years. Fewer than 10% of HCWs reported ever having had pertussis. Nearly all clinical HCWs reported receiving the Tdap vaccine in the past 10 years; however, 70% of nonclinical HCWs reported receiving the vaccine.
Occupational Health data revealed that half of the clinics surveyed had at least 1 documented occupational pertussis exposure (range 0-26, median 0.5) during the prior 5 years.
More than 70% of clinical HCWs reported mostly or always wearing PPE when caring for a patient with suspected pertussis, while < 30% reported wearing PPE for a patient with any respiratory symptoms. More than 80% of clinical HCWs agreed that they can improve their use of recommended pertussis PPE. The majority (61%) of nonclinical HCWs reported mostly or always giving a mask to patients with a cough when they entered the office, yet nearly 90% of nonclinical HCWs also agreed that they can improve their own frequency of mask distribution.
To prevent pertussis transmission, in addition to Tdap vaccination, the majority of clinical HCWs (73%) would prefer to both wear a mask when entering the room of a patient with suspected pertussis and have patients who come to the office with a cough wear a mask, while only 8% favored only wearing a mask themselves. Among nonclinical HCWs, the most favored strategy (43%) to prevent pertussis transmission was to both provide a mask to every patient presenting with a cough and have a divider at the front desk separating them from the patient. Conversely, 37% favored only providing a mask to every patient with a cough.
Univariable and Multivariable Analyses Clinical HCWs: Use of PPE When Pertussis Is Suspected.
A majority of the behavioral model domains were significantly associated with reported use of PPE when caring for a patient with suspected pertussis in univariate analysis. This outcome was also associated with age and job title ( Table 2 ). There was no association between clinical HCWs from sites with a documented history of occupational exposures to pertussis and reported PPE use for a patient suspected of having pertussis (odds ratio [OR] 1.71, 95% confidence interval [CI] 0.97, 3.03).
Job title was highly associated with both reported mask use when pertussis was suspected and multiple covariates and was therefore included in the multivariable analysis as a potential confounder. In the final model, a higher likelihood of PPE use was independently associated with HCW perceptions about mask availability near the patients' examination room (OR 5.41, 95% CI 1.76, 16.62), knowledge and skills required to use PPE for prevention of pertussis transmission (OR 4.62, 95% CI 1.40, 15.24), Table 2) were less likely to report using PPE for the prevention of pertussis transmission. Knowledge about pertussis and attitudes toward PPE use were associated with physician-but not nurse-reported use of PPE (data not shown).
Vignette Analysis
The vignettes were completed by 234 (100%) clinical HCWs. In response to both vignettes, >90% of clinical HCWs reported that they would use a mask every time they entered the room of a patient with suspected pertussis; however, <15% of clinical HCWs reported that they would use a mask in other scenarios (Table 3 ). There was no significant difference in the use of PPE based upon knowledge about infection rate or location of masks (P 0.05).
Nonclinical HCWs: Patients Coming to the Office With a
Cough Are Given Masks. Among nonclinical HCWs, the likelihood of reported mask distribution to patients with a cough was associated with the majority of behavioral model domains including HCW age and proportion of time spent with direct patient contact (data not shown). However, in multivariable analysis, only 1 attitudinal covariate remained significantly associated with mask distribution to patients with a cough. Nonclinical HCWs were less likely to report this behavior if they perceive that their colleagues do not provide masks to patients (OR 0.02, 95% CI 0.00, 0.24).
DISCUSSION
We conducted a study of HCWs in a large pediatric primary care network to determine barriers to PPE use to prevent occupational exposures to pertussis. Our results show that although the majority of HCWs reported using PPE for patients with suspected pertussis, only a minority used PPE for patients with any respiratory symptoms. Since the diagnosis of pertussis is often delayed or missed, infrequent PPE use for patients with any respiratory symptoms could result in potential occupational exposures to pertussis as well as other respiratory pathogens [18] . Additionally, although HCWs acknowledged that PPE is a good way to prevent occupational exposures, the majority reported that they could improve their PPE use and mask distribution to symptomatic patients. To our knowledge, our results are the first to identify modifiable factors that might increase the use of PPE by clinical and nonclinical HCWs in the pediatric ambulatory setting to prevent occupational exposures to pertussis. Previous studies looking to address safety practices in hospitals have concluded that a multimodal approach is required to facilitate compliance with safe practices [19] [20] [21] [22] . Our results support this earlier work by identifying several factors associated with reported PPE use by HCWs. In regard to PPE compliance, most studies to date have investigated use in inpatient settings and have found that PPE use for pertussis is associated with factors such as habitual PPE use for respiratory pathogens, media coverage about pertussis, organizational support, and convenience of PPE placement [9, 14] . Environmental and workplace factors have been identified as being significantly associated with safe work practices, including infection control interventions, in hospitals [23] [24] [25] . Using vignettes [15] , we investigated the impact of one of these environmental factors, PPE placement in relation to the patients' examination room, and found that mask accessibility did not influence PPE use by clinical HCWs. This suggests that convenience is not a significant motivator in an ambulatory setting. Clinics may have already optimized mask availability in the view of the respondents. This finding also suggests that other factors may more strongly influence clinical HCW use of PPE in ambulatory sites. We identified three factors that remained independently associated with PPE use by clinical HCWs for patients with suspected pertussis. These included perceptions about the availability of PPE, belief in one's ability to improve PPE use, and personal agency such as the time required to use PPE. Although clinical HCW responses indicated that the perceived availability of PPE was significantly associated with PPE use, our vignette demonstrated that the convenient placement, either in the patient room or down the hall, would not modify behavior. Organizational and workplace factors independently associated with PPE use included perceived social norms about PPE use in the clinic and HCWs feelings about their knowledge and skills to use PPE. Creating a safety climate within healthcare settings and improving HCW training have been associated with improved HCW use of infection control measures in inpatient settings [23, 26, 27] . Our results show that these concepts should be extended to the ambulatory setting in order to improve the use of PPE by HCWs to prevent pertussis transmission.
Many patients presenting to their pediatricians' office have respiratory symptoms, making it difficult for a clinical HCW to wear a mask for every symptomatic patient. The difference in reported PPE use for patients with suspected pertussis and patients with any respiratory symptoms suggests that PPE use may be associated with perceived exposure risk and/or perceived disease severity. These perceptions could be influenced by previous experience with pertussis exposures or disease. Our results suggest that HCWs from sites with exposures to pertussis may be more likely to report using PPE for patients suspected of having pertussis. The point estimate for this covariate was not statistically significant; however, we were not powered to robustly measure the impact of this practice-level characteristic.
Our study also examined the role of nonclinical HCWs in the prevention of occupational exposures. The majority of nonclinical HCWs endorsed mask distribution as a means of preventing occupational exposures to pertussis; however, only 60% reported distributing masks to patients with a cough. Increasing the frequency and consistency of mask distribution may provide an avenue to substantially decrease potential exposures. Mask use among patients can create an immediate barrier between the potentially infectious patient, HCWs, and other patients. Consistent mask use may also help to establish PPE use as normative behavior within the clinic setting. It is notable that the likelihood of mask distribution among nonclinical HCWs was most significantly associated with perceived norms.
There are several limitations to our study. First, we may not have identified all barriers to our behavior in our survey instrument; however, the questionnaire was designed using the Integrated Behavioral Model, which provides a theoretical framework for a comprehensive evaluation of factors associated with behavioral outcomes [17] . Our work was also informed by previous studies, and we targeted factors known to impact PPE use in other settings [8, 9, [13] [14] [15] [16] . Second, not all HCWs at each clinic participated in the study, which could contribute to response bias. HCWs interested in participating may also be more likely to use PPE. The high response rate at each site (>70%) minimizes the potential impact of such bias. Third, this was a single-site study, and the results may not be generalizable to all pediatric ambulatory settings; however, participating clinics serve a diverse range of communities. Finally, the study period overlapped with an ongoing pertussis epidemic in the community served by the network, so there may have been heightened pertussis awareness among respondents.
CONCLUSION
HCWs report frequently using PPE for patients with suspected pertussis, yet most staff report that they do not use PPE for patients with any respiratory symptoms. Given the potential for missed pertussis diagnosis, this discrepancy could result in missed opportunities to prevent exposures to pertussis as well as other respiratory pathogens. Prior studies have identified modifiable factors to improve PPE use in inpatient settings; however, our results show that these previously identified factors may not be associated with increased PPE use among HCWs in ambulatory sites. Instead, we identified other elements that could be targeted in interventions to improve PPE use, such as promoting an environment where PPE use is perceived as standard clinical care and improving HCW training on appropriate PPE use. Future studies are needed to assess the impact of such interventions on PPE use for suspected pertussis as well as other respiratory pathogen transmission to protect HCWs and patients in ambulatory sites. Additionally, future work is needed to define how to effectively limit pertussis exposures while balancing the competing demands of limited space and efficient patient flow with the increased use of physical barriers and PPE use.
